We investigate the drivers of excess interbank liquidity in Pakistan, using weekly data for 
Introduction
Excess interbank liquidity is defined as the pool of reserves held by the commercial bank with the central bank, over and above the regulatory liquidity requirements. 1 The findings of Nissanke and Aryeetey (1998) and Agénor and Aynaoui (2010) suggest that excess interbank liquidity in developing economies often limits the ability of the central bank to effectively conduct monetary policy.
Several studies (including Agénor et al., 2004 and Saxegaard, 2006) investigate excess interbank liquidity by distinguishing between supply and demand components. The demand component reflects low demand for credit in the economy, while the supply component constitutes the part of excess liquidity that banks hold for precautionary reasons. Banks may be holding liquidity for precautionary reasons if the risk of default is likely to increase and this perceived default risk cannot be internalized by raising the risk premium on lending (Agénor et al., 2004) . In addition, structural or cyclical factors may lead to precautionary liquidity accumulation. As will be discussed in more detail in Section 2.1, structural determinants typifying developing economies include the presence of a large informal sector, inaccessibility of remote areas of the country, and a weak or inefficient payment system. Cyclical factors, such as fluctuations in foreign capital inflows, a change in inflationary expectations or government borrowing, may also cause banks to hold liquidity for precautionary reasons (Agénor and Aynaoui, 2010) .
Central banks in developing economies can design monetary policy more effectively if the cause of excess liquidity is known. For example, if excess liquidity is largely due to low credit demand expansionary monetary policy may not be very effective. Any attempt by the central bank to stimulate aggregate demand by relaxing monetary policy will only add to excess liquidity. Likewise, if the central bank would tighten its policies in the presence of excess liquidity, a sudden improvement in credit demand may cause a rapid increase in credit thereby undermining the central bank"s policies.
This study examines the interbank market of Pakistan as a case study. In response to the recent global financial crisis, the State Bank of Pakistan (henceforth SBP) eased its policies. As will be explained in more detail in Section 2.2, the regulatory liquidity requirements have been 1 Mohanty et al. (2006) . This study is innovative for two reasons. First, the study investigates the persistence of excess liquidity. 3 To the best of our knowledge, persistence of excess interbank liquidity has not been evaluated before using high frequency data. Second, the study defines interbank liquidity by augmenting it with government securities that are eligible to meet liquidity requirements. Mohanty et al. (2006) argue that banks" deposits at the central bank may be misleading as indicator of liquidity if the banks hold substantial amounts of government securities that can be sold easily to the central bank.
Our findings suggest persistence of interbank excess liquidity. Our results also indicate that the financing of the government"s budget deficit by the central bank is one of the causes of this persistence in interbank liquidity. Moreover, we identify a structural shift in the interbank The remainder of the paper is structured as follows. The next section discusses the implications of excess liquidity for monetary policy and outlines monetary policy in Pakistan.
Section 3 discusses previous studies, while Section 4 describes our methodology. Section 5 describes the data used and Section 6 offers our main results. Finally, Section 7 concludes.
Excess liquidity and monetary policy in Pakistan
Following Mohanty et al. (2006) , we include government securities that are eligible in meeting regulatory liquidity requirements in calculating excess liquidity. 4 Thus we define excess liquidity as the ratio of reserves deposited with the central bank by the banks, cash in their vault and eligible government securities, in excess of the statutory limit to the total time and demand liabilities of the banks. 5 We include eligible securities as the banking sector in Pakistan holds a considerable amount of highly liquid short-term government securities, which banks can substitute for cash using the SBP"s discount window at their own discretion (Mohanty et al., 2006) .
Excess liquidity and monetary policy
The SBP actively uses all policy tools at its disposal to manage liquidity. These policy tools are direct tools, such as cash reserve requirements and statutory liquidity requirements, and indirect tools, such as the discount rate and open market operations. Moreover, structural and/or cyclical factors may promote precautionary liquidity holdings by banks. Often structural impediments like a less developed financial sector or a large informal sector force banks to hold extra liquidity. For example, banks tend to have greater demand for liquidity due to the unreliability of the payment system. Also, the cost of processing information, evaluating projects, and monitoring borrowers is relatively high in these economies, which generally leads to accumulation of liquidity (Agénor and Aynaoui, 2010) . Similarly, the presence of a large informal sector promotes cash transactions instead of transactions through bank instruments like checks or bills in order to avoid taxes. The banks are then forced to hold large liquid reserves to meet frequent large demands for cash. 5 The eligible assets include short-term market treasury bills, Pakistan Investment Bonds (PIBs) up to a certain maximum, and other government enterprise bonds. 6 The SBP also frequently uses "moral suasion", i.e., the commercial banks" executives are briefed on objectives of a specific policy move and the central bank"s expectation of the market response.
Cyclical factors refer to fluctuations in inflationary expectations, foreign capital inflows, and government borrowing. 7 Elaborately, a higher volatility in prices increases uncertainty about the value of the collateral pledged by the borrower. The banks may react to inflation risk by charging a higher premium to the borrower or by increased rationing of credit. Agénor and Aynaoui (2010) argue that both an increase in the risk premium and credit rationing may result in the involuntary accumulation of excess liquidity.
Furthermore, in the past two decades, foreign capital inflows have contributed significantly to the accumulation of excess liquidity in developing economies (Ganley, 2004; and Agénor and Aynaoui, 2010 very quickly in the form of deposits at banks and hence becomes part of the money supply (see Table A1 in Appendix for an overview of Pakistan"s recent monetary developments). 9 For this reason, the government borrowing from the central bank is generally known as monetization of the deficit. 10 The increase in deposits leads to excess liquidity holding of the banks. Ganley (2004) notes that the monetization of the deficit is one of the main sources of excess liquidity in some developing countries.
Persistent fiscal deficits may also increase the interest rate on the government debt. The higher return may attract the banks towards risk free government securities. Mohanty et al. (2006) argue that inflationary expectations fuelled by government borrowing may further increase the interest rates. In such a high interest rate environment, the banking sector may structurally shift towards holding more risk-free assets, thereby crowding out private sector debt.
Recent developments in monetary policy in Pakistan
Two important features characterize the period under consideration in this study. First, the foreign currency deposits steadily increased over this period, specifically after May 24 th 2008, when the exchange rate depreciated sharply (see the lower panel in Figure 1 ). Pak Rupee depreciated against US Dollar by almost 7-percent in May 2008 due to speculative attack.
Resident foreign currency deposits 11 are deposits denominated in foreign currency held by individuals or firms with local banks, independent of the nationality or residential status of the holder. 12 As regulatory requirements limit the local banks" access to the international market, banks often substitute the foreign currency for domestic currency to invest in the local money market. The SBP has a managed float strategy to mitigate exchange rate volatility and to alleviate perceived exchange rate risk. To stabilize the exchange rate, the SBP replaces the foreign exchange inflows with domestic currency, either through direct purchases, or through currency swaps. 13 The interventions in the exchange rate market thus increase interbank liquidity. The banks prefer placing this liquidity in the form of short-term risk-free securities as financial markets in Pakistan lack financial depth.
14 Second, during this study period monetary policy was tightened as the discount rate mostly moved upward (see the panel in the middle of Figure 1 ). 13 The substitution of foreign currency by domestic asset involves exchange rate risk. The SBP"s managed float strategy does not mitigate the exchange rate risk completely. To mitigate the exchange rate risk, banks use currency swaps with the central bank and also with peer banks. 14 For further discussion on foreign exchange and monetary condition in Pakistan, see Zaheer et al. (2013) . Table 1 ).
These measures increased the effective reserve requirements to more than four percent of time and demand liabilities, i.e. PKR 12.7 billion (see the upper panel in Figure 1 ). By these measures, SBP aimed to push the sticky deposit rate upward. 15 The SBP also wanted to reduce the maturity mismatch between the assets and the liabilities of the banking sector and therefore time liabilities are exempted from cash reserve requirements since August 4 th 2007.
On May 24 th 2008, the SBP further tightened its policies using both direct and indirect tools. As a result, the effective reserve requirements reached 26.5 percent of time and demand liabilities of the banks, the highest the banking sector of Pakistan has witnessed over the last decade. 16 The SBP relaxed this requirement at the start of the global financial crisis. In October 2008, the requirements were brought down twice with 100 bps. However, the SBP continued its tight monetary policy stance using the discount rate (see Table 1 for details).
On October 18 th 2008, the SBP increased the eligibility of long-term government bonds from 5-to 10-percent of the statutory liquidity requirements. 17 The move increased the borrowing ability of banks from the SBP"s discount window by roughly PKR135 billion thereby increasing excess liquidity holdings of the banks substantially. As the literature shows that the long-term presence of excess liquidity weakens the monetary policy, it is therefore important to investigate if these policy moves by the SBP have created persistence (long-term presence) in excess liquidity present in the interbank market of Pakistan. Moreover, investigation leading to the causes of liquidity accumulation in the interbank market of Pakistan could be an important contribution in understanding the dynamics of banks" behavior in interbank market and effectiveness of monetary policy. 15 The SBP (2006) identifies the following objectives of these changes in the reserve requirements: (i) draining excess liquidity from the inter-bank market, in order to put upward pressure on the money market rates; and (ii) encouraging banks to mobilize long-term deposits. 16 The effective reserve requirements for any given week is the weighted average of the cash and liquidity reserve requirements based on their respective time and demand liabilities. 
Related studies
The economic literature on interbank liquidity is mostly theoretical, striving to model the banks" behavior and/or the central bank"s policy response when the interbank market suffers from adverse liquidity shocks, be it aggregate or idiosyncratic shocks. Bhattacharya and Gale (1987) 
Methodology
We first use unit root tests to examine the data generating processes of the variables used in the analysis. If excess liquidity is stationary in levels, we see interbank liquidity accumulation as a short-term phenomenon not hampering monetary policy. If excess liquidity has a difference stationary data generating process, we see liquidity accumulation as a long-term phenomenon which may have serious repercussions for the effectiveness of monetary policy as discussed in Section 1. Next, we investigate the long-term determinants of excess interbank liquidity, distinguishing between voluntary and involuntary liquidity holdings.
Persistence of interbank liquidity
In generalized form, an augmented unit root process can be described by
where t y is the series to be tested,  is the deterministic trend, 0  and 1  are parameters, while  and  are the coefficients of the unit root and the lagged dependent variable respectively, and t  is the error term (for details, see Enders, 2004; Hamilton, 1994) . Empirical studies frequently use the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests. However, the performance of these tests deteriorates significantly in the presence of structural changes (Perron, 1989) . As policy variables, such as the discount rate and required reserves, are subject to policy shocks (see Figure 1) , we therefore will want to use unit root tests also for structural breaks.
The literature proposes a number of unit root tests incorporating structural breaks (e.g., Perron 1989 Perron , 1990 Zivot and Andrews, 1992; Vogelsang 1991, 1992; and Ng and Perron, 2001) . 18 Shresta and Chowdhury (2005) argue that the power of the Perron and Vogelsang (1992) test is superior in presence of a structural break, while Enders (2004) argues that the Perron-Vogelsang test is more appropriate in case of an uncertain break date. Table 1 and Figure 1 suggest a number of policy shifts during the period under consideration in this study. If an economic series experiences more than one structural shift, Ben-David et al. (2003) argue that the power of the unit root test with one structural break reduces significantly. Figure 1 18 For empirical studies of unit root tests with structural breaks, we refer to Banerjee et al. (1992 ), Christiano (1992 ), De Haan and Zelhorst (1994 , Perron (2005) , Glyn et al. (2007) , and Carrion-Silvestre et al. (2009). shows that the some variables may have suffered from more than one shift.
We employ the unit root test with two breaks as suggested by Clemente et al. (1998) , which is an extension of the Perron and Vogelsang (1992) test with one structural break. 19 This class of unit root tests distinguishes two types of outliers: an additive outlier and an innovative outlier. The additive outlier test best suits to series exhibiting a sudden change in mean, while the innovative outlier test assumes that the change takes place gradually. As the power of these tests improves considerably if the break points are known a priori, often the tests employ grid search to locate the break points. For simplicity, assume that the breaks occur at an unknown date,
with T being the sample size. The additive outlier test follows a two-step procedure. First, the deterministic part of the series is filtered using
where break dummies 1  mt DU for bm T t  , and 0 otherwise, for m = 1, 2, and the remaining noise t ỹ is examined for a unit root
The change in the break dummy 1 ) (
and zero otherwise, while k is the truncated lag parameter determined by a set of sequential F-tests.
The innovative outlier model assumes that an economics shock to a trend function of a variable affects the subsequent observations. Starting from its initial position the shocks propagates to the subsequent observations through the memory of the system. The estimation strategy is based on;
In Equations (2) and (4) Perron and Vogelsang (1992) and Clemente et al. (1998) provided the critical values respectively for one and two structural breaks. If 1   , the null hypothesis is rejected and series is stationary. Clemente et al. (1998) collapses to Perron and Vogelsang (1992) test when restriction m=1 i.e. only one break is imposed on the former.
Long-term determinants of excess liquidity
To identify the long-term determinants of excess liquidity in Pakistan, we utilize the methodology proposed by Agénor et al. (2004) , augmented by Saxegaard (2006) . Equation (6) presents excess liquidity with its voluntary and involuntary determinants. X includes variables such as required reserves, discount rate, output gap, volatility in the overnight rate, volatility in the government borrowing from the SBP, and foreign currency deposits. Any change in the policy tools (required reserves and the discount rate) has a direct impact on excess liquidity in the interbank market. The output gap captures demand for cash. 20 The volatility of the overnight rate is an indicator of interbank liquidity risk. The more the overnight rate is volatile, the more the bank will be cautious in managing its liquidity holdings.
Volatility in government borrowing from the SBP also increases volatility of the current deposits with the banks and hence banks may become more vigilant in managing their precautionary liquidity holdings. Foreign currency deposits are included to capture exchange rate risk. As discussed earlier in Section 2, the banks in Pakistan substitute foreign currency assets for 20 Arguably, the output gap should be the part of the involuntary liquidity accumulation as it captures the fluctuation in credit demand. However, following Saxegaard (2006) we include it as a determinant of voluntary liquidity accumulation. Saxegaard (2006, p. 21) argues: "We also include the output gap Y (in voluntary liquidity) to proxy for demand for cash. In particular, in a cyclical downturn one would expect the demand for cash to fall and commercial banks to decrease their holdings of excess reserves.". We will deliberate further on this issue in Section 6.2. domestic government securities. Typically, such substitution involves exchange rate risk. The managed float strategy practiced by the SBP reduces the volatility in the exchange rate and hence partially mitigates the exchange rate risk. However, foreign currency deposits are denominated in foreign exchange and any sudden speculative withdrawal of foreign currency deposit may expose banks to exchange rate risk. Agénor et al. (2004) propose to derive the determinants of involuntary excess liquidity 2 t X , as a residual from Equation (6) has acquired, the increase of the deposit rapidly increases the monetary base. Table A1 in Appendix shows that impact of the government borrowing on assets and liabilities of the banking sector. Thus the government borrowing from the central bank increases the excess liquidity holding of the banks through increase in the banks" deposits. Ganley (2004) suggests that borrowing from the central bank is the main source of excess interbank liquidity in many countries. We therefore expect that government borrowing from the SBP will have a positive effect on excess liquidity. Borrowing from non-banks involves a transfer of funds from the banks to the non-bank institutions and hence it should affect excess interbank liquidity negatively.
When a government borrows from commercial banks, the excess reserves of the banks with the central bank are transferred to the government account. As the government makes payments for the goods and services it acquires, the borrowed amount gets transferred quickly from the government account to the accounts of individuals or private businesses thus replenishing the liquidity holdings of the banks. Therefore, government borrowing from the banks is not expected to have any impact on excess liquidity as the assets and liabilities of the banking sector remains unchanged (see Table A1 in Appendix).
An increase in the level of economic activity, as captured by the Index of Industrial Production, is likely to increase the money demand in the economy which in turn increases the liquidity holdings of banks. We expect a positive relation between increased industrial production and excess liquidity. Similarly, when the Pakistan Rupee depreciates the foreign currency liabilities of the banks will increase. Therefore, banks are likely to switch their excess liquidity with foreign currency assets. Hence, we expect exchange rate movements to have a negative effect on excess liquidity.
Separation of the voluntary and involuntary components of liquidity in the framework of
Equation (6) requires identification of the intercept and the lagged dependent variable. This can be explained as follows. Rewriting Equation (6) gives:
where ĉ the intercept and p is the number of lags associated with the dependent variable. In Equation (7) Ideally, we would like to have information on the banks" precautionary reserves on a weekly basis. As this information is not available, we use the minimum average cash reserves held by the banks above statutory requirements, in any given week, as a proxy for the precautionary liquidity holdings intercept s a . We assume that the minimum amount of cash reserves held by the banks is the "mean" of precautionary liquidity holding. Since the intercepts refer to levels, they will not impact estimates of the variation in voluntary or involuntary components of liquidity.
As will be discussed in Section 6, some explanatory variables are difference stationary.
Therefore, we will use the Bound Testing Approach proposed by Pesaran et al. (2001) for identification and the Autoregressive Distributed Lag (ARDL) approach for estimation of the long-run relationship between the levels of the variables.
Compared to other procedures for detecting long-run relationships, such as Johansen"s rank test, the Bound Testing procedure has two distinct advantages. First, it does not require testing the data generating processes of the underlying series and remains applicable even if regressors are a mixture of I(0) and I(1) variables. Second, it allows a large number of explanatory variables, as in Equation (6)  are long-run parameters, the joint significance of which is tested using an F-test. The asymptotic distribution of the F-statistic is non-standard. The long-run relationship is estimated from the ARDL equation, 21 Bound tests assume only one cointegrating relationship exist where weakly exogenous dependent variable forces a long-run relationship on the dependent variable. This method of detecting a long-run relationship remains valid even in presence of more than one long-run relationship. Next paragraph further discusses this issue.
Here t x is the set of regressors,  reflects the stickiness in the dependent variable at lag "k". Starting with a maximum number of lags, a general to specific approach is used to adopt a parsimonious model with white noise residuals.
We employ a battery of diagnostic tests to check the robustness of the specified model.
22
Like other single equation cointegration procedure, ARDL also presumes only one longrun relationship; from regressors to the dependent variable. When development in the explanatory variable drives the changes in the dependent variable in presence of only one cointegrating vector, then explanatory variables may be termed as weakly exogenous to the system (Kirchgässner and Wolters, 2007 p-207) . 23 However, if the dependent variable also forces a long-run relationship on one or more of the regressors, then assumptions that there exists only one cointegrating vector and the regressors are weakly exogenous are violated. In that case, the coefficient estimates obtained from the ARDL model are not efficient.
24
However, they remain asymptotically consistent and can be used for making inferences (Harris, 1995) .
We use the Bound Test for establishing the weak exogeneity of regressors. Each regressor is used as a dependent variable to test for the existence of a long-run relationship with excess liquidity. If the F-statistic does not reject the null hypothesis of no long run relationship between the variables, the regressor can be considered weakly exogenous for the relationship specified in Equation (9).
The long-run relationship is obtained from the ARDL estimates of Equation (9). For this purpose, the lagged dependent variable is used as shown in Equation (10). Hence, lag dependent
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For example, we test for serial correlation with the Breusch-Godfrey test and/or Portmanteau (Q) test. The Breusch-Godfrey test is useful in testing low order autocorrelation, whereas the Portmanteau (Q) tests works better for higher order autocorrelation (Lütkepohl and Kratzig, 2004, p -129) . Both tests take no serial correlation as the null hypothesis. Normality of the residuals is tested using the Shapiro-Wilk test with normally distributed residuals as the null hypothesis. For checking the stability of the specified model, CUSUM and CUSUMSQ tests, proposed by Brown et al. (1975) are used. The CUSUM test uses cumulative sums of recursive residuals based on the first n observations, which are updated recursively and plotted against the break points. If the plot of the CUSUM statistics stays within the 5 percent significance level, the coefficient estimates are said to be stable. CUSUMSQ applies a similar procedure, but is based on the squared recursive residuals. 23 Also, Kirchgässner and Wolters (2007, p-225) 
defines weak exogeneity as;

A variable is weakly exogenous with respect to the cointegration parameters if and only if no (other) cointegrating relation is included in the equation of this variable. (Text in parenthesis added for clarity).
variable is not required to be identified with the voluntary or involuntary components, as discussed earlier.
Using information on "excess cash reserves" holdings ( s a ) and the long-run estimates using Equation (10) 
Data
We use weekly data from the last week of However, compared to the total demand and time liabilities the magnitude of foreign currency deposits is small.
We employ weekly data as it helps in maintaining sufficient degrees of freedom which is important as our specification involves a large number of explanatory variables and their lags.
Using weekly data has a serious drawback too. Some explanatory variables are reported on a monthly basis. Fortunately, the specification used in this study involves only two variables with a monthly frequency, namely the index of industrial production, and government borrowing from non-banks. We disaggregate them into weekly data using forward moving averages over 6-weeks as the series obtained using as this procedure yields least mean error.
25 Table A2 in the appendix provides further details of the variables used in this study.
For estimating the output gap, we employ the Hodrick-Prescott (HP)-filter to the index of industrial production since GDP is only available on a yearly basis. 26 The output gap is measured as the gap between the HP trend and the actual level of output at any given time. Further details are provided in OBR (2011). The volatilities of the overnight rate and of government borrowing from the SBP are calculated as ratios of standard deviation to the average over a moving 13-week period. The effective reserve requirements for any given week is the weighted average of the cash and liquidity reserve requirements based on their respective time and demand liabilities.
Results
Unit root tests
The results for the Augmented Dickey-Fuller (ADF) and Phillips and Perron (PP) unit root tests are reported in Table A3 (in the Appendix). Except for the output gap and the volatility of the government borrowing from the SBP, all variables appear difference stationary at the five percent level of significance. Figure 1 shows sharp shifts in the policy variables, which may have caused loss in power of PP or ADF unit root tests, as discussed in Section 1. Therefore, the difference stationary variables are subjected to the unit root test proposed by Clemente et al. (1998) , which allows for two structural breaks. This test also helps in identifying whether there are one or two structural breaks. If the test of Clemente et al. (1998) suggests two significant structural shifts we retain the test results, but if this test suggests only one significant structural shift we employ the Perron and Vogelsang (1992) test with one structural break.
The results for the unit root test with structural breaks are reported in Table 2 . Except for excess liquidity and some GDP normalized macroeconomic variables (such as private credit, foreign currency deposits, government borrowing from banks and non-banks) all variables are level stationary with significant breaks. The identified break dates are in the vicinity of the various policy moves of the SBP as described in As the difference stationary behavior of excess liquidity is directly related to the effectiveness of monetary policy, it is investigated thoroughly. In a competitive market, banks are expected to respond to policy shocks by changing their liquidity holdings; they increase liquidity holdings when monetary policy is lax and decrease them when it is tight. The estimates reported in Table 2 shows that the null hypothesis of unit root excess liquidity cannot be rejected at 5-percent level of significance. It is possible that excess liquidity has more than two structural shifts. Though, the power of the test proposed by Clemente et al. (1998) in the presence of more No. of breaks shows the significant breaks at the five percent significance level, suggested by the unit root tests. 2 breaks the statistics refer to the test proposed by Clemente et al. (1998) , while 1 break indicates that the test statistics refer to the test proposed by Perron and Vogelsang (1992) . The null hypothesis assumes that series has a unit root. Break dates are identified by the unit root tests. Break dates should be read as week ending on day-month -year (dd-mm-yy).
than two structural shifts may be low, leading to non-rejection of the unit root null hypothesis even if this series is stationary. To be certain about the integrated behavior of excess liquidity, 
Analysis of long-run relationship
As discussed in Section 2, we use the Bound Test Approach for testing the existence of a longrun relationship as the specification involves variables that are I(0) and I(1). Although the unit root tests have identified structural shifts in most explanatory variables, we did include the shift dummies but they turned out to be insignificant. A maximum of five lags is imposed for all estimation purposes to obtain reasonable degrees of freedom as the model has a large number of regressors. Table 3 shows the F-statistics for the joint significance of the error correction term of the Bound test. 27 The F-statistic (3.45) for excess liquidity is greater than the five percent critical value indicating that the regressors are forcing a long-run relationship on excess liquidity. To determine whether the regressors are weakly exogenous, separate Bound tests have been conducted, using each regressor in Equation (6) as a dependent variable. The significant Fstatistics for required reserves, the exchange rate, and the volatility in government borrowing from the SBP suggest that these regressors are not weakly exogenous.
The single equation estimation strategy yields asymptotically consistent, though inefficient, estimates in the absence of weakly exogenous regressors. Hence the estimates are reliable for making inferences. We use the Autoregressive Distributed Lag (ARDL) procedure to estimate the long-run relationship. The estimated parsimonious ARDL model is shown in the upper panel of Table A4 (in the Appendix). The specified model is subjected to a battery of Pesaran et al. (2001) only provide critical values for 10 variables; the data period includes 289 observations. ***, ** and * indicate significance at the 1, 5 and 10% level. The last two columns show the estimates of the long-run relationship between excess liquidity and the regressors and the relevant p-values. The long-run variance is estimated using Newey-West (1987) . Dynamic estimates are obtained using Equation (9) and the long-run coefficients are calculated using Equation (10). diagnostic tests. The results from these tests, reported in the lower panel of Table A4 , suggest that the specification is robust to the diagnostic tests and hence can be used for making inferences.
28 Table A4 shows that some of the regressors explain the variation in excess liquidity with their long lags. These variables, such as government borrowing from the central bank and nonbank institutions, are responsible for structural persistence in the interbank excess liquidity.
Fuhrer (2009) Table 3 . These long-run coefficients are calculated using Equation (10) and the ARDL estimates reported in Table A4 . Except for the volatility of the overnight rate and the volatility of government borrowing from the SBP, all long-run coefficients are significant at the five percent level. Volatility of government borrowing from the SBP is significant at the ten percent level.
The insignificance of the volatility of the overnight rate is not surprising. Since 17 th August 2009, the SBP has introduced an interest rate corridor to reduce the volatility in the overnight money market repo rate. 29 This policy move has reduced the variation in the overnight rate.
The signs of the long-run coefficients are in line with our expectations. The negative coefficient of required reserves indicates that increasing required reserves directly drain liquidity from the interbank market. The positive coefficient of the discount rate shows that the banks respond to the positive discount rate changes by increasing their excess liquidity holdings.
However, the SBP frequently resorts to open market operations to mop up liquidity from the interbank market. The banks willingly substitute their cash liquidity for short-term government securities as the latter yield a lucrative risk-free return besides enhancing their ability to borrow 28 The serial correlation is tested using the Breusch-Godfrey test with 12 lags and the Portmanteau (Q) test with 40 lags. Both tests indicate that residuals are white noise. Normality of the residuals is tested using the Shapiro-Wilk test. The null hypothesis of normal residuals is rejected at the five percent level of significance. To check the severity of the problem, a non-parametric Kernel density estimation procedure is employed. Kernel density estimators, similar to histograms, approximate the density f(x) from observations on x. The data are divided into non-overlapping intervals, and counts are made of the number of data points within each interval. Figure A2 , in the Appendix, shows that the deviation of Kernel density estimate from normal density estimate is minor and can be ignored without significant implication for inference. The stability of the specified model is tested using the CUSUM and CUSUMSQ tests, proposed by Brown et al. (1975) . The graph shown in Figure A3 , in the Appendix, indicates that the null hypothesis of stable specification cannot be rejected at the 95 percent level of confidence. from the SBP discount window, and thus reducing their liquidity risk.
The coefficient of the exchange rate is negative suggesting that a depreciation of the Pakistan Rupee leads banks to decrease their liquidity holdings. Moreover, the coefficient of foreign currency deposits is positive and large in magnitude, which suggests that an increase in foreign currency deposits leads to an increase in excess liquidity holdings of banks. The large magnitude reflects the exchange rate of the Pakistan Rupee against the US Dollar. 30 Finally, a one percent increase in the foreign currency deposits causes a 5.8 percent increase in the excess liquidity in the interbank market.
The estimates reported in Table 3 also show that government deficit financing by commercial banks and the SBP has positive long run effects on excess liquidity. The positive coefficient of the SBP credit to the government supports Ganley"s (2004) argument that the monetization of the government"s budget deficit is a main cause of excess liquidity in some countries. The negative coefficient with the non-bank institution borrowing shows that this source of financing has a negative long-run effect on excess liquidity, but its magnitude is small.
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Next, we decompose excess liquidity into its voluntary and involuntary components, as indicated in Equation (11), using the long-run coefficients of Table 3 . The outcome is shown in bonds from five to ten percent. This move was meant to provide liquidity support to the interbank market and caused an increase in the borrowing ability of banks from the SBP discount window by roughly PKR135 billion, hence increasing 4-percent excess liquidity holdings of the banks in terms of their total time and demand liabilities.
As discussed in Section 2, our involuntary liquidity estimates includes the output gap following Saxegaard (2006) . We re-estimated the model with the output gap as a determinant of the involuntary liquidity accumulation, dropping the index of industrial production (IIP). Figure   A4 in the Appendix shows that the overall conclusion of this paper remains unchanged. We prefer keeping IIP in our model mainly for statistical reason, as it helps in identifying the longrun relationship between the regressors.
Conclusions
We investigate excess liquidity in the interbank market of Pakistan using the bound test and Mohanty (2006) argues that such a structural shift in the banking sector"s behavior towards holding government securities may have repercussions on the economy, such as persistently higher interest rates, higher sovereign risk premium, and crowding out of private sector investments. Mishra et al. (2011) argue that the objective of deficit financing may become so important that it turns into a source of macroeconomic instability instead of stabilization. The independence of the central bank and its ability to conduct monetary policy effectively is then compromised.
Given our findings, we suggest reducing the government budget deficit and to limit borrowing, especially from the central bank, in order to reduce liquidity inflow in the interbank market. We consider the recent legislative move aimed at limiting the government"s borrowing as a step in the right direction. On March 2012, SBP Act (1956) has been amended restricting the government from borrowing from the SBP for more than one quarter (Clause 9C, p.13).
However, further steps seem to be necessary, such as capping the government"s debt. Also, further liberalization of the foreign exchange market aimed at increasing the access of domestic banks to international financial markets could be helpful in enhancing banks" foreign exchange management. A better ability of banks to manage their foreign exchange inflows may help the SBP to move from a managed float to a free floating exchange rate regime. All this could help in reducing the liquidity glut in the interbank market of Pakistan which is essential for increasing the efficacy of monetary policy and long term economic growth. Required reserves Required reserves is combined effect of cash reserve requirement and statutory liquidity requirements over the period as shown in Table 1 .
Output Gap
Output gap calculated using the Index of Industrial Production and the HP Filter, using λ=270400 as smoothening parameter. The output gap is measured as the gap between the trend and the actual level of output. Monthly Index of industrial production is disaggregated using 6-week forward moving average.
Foreign currency deposits
Residents" foreign currency deposits (as percentage of GDP) deposited with the banks in Pakistan Rupee. Volatility in Govt. borrowing from SBP Volatility of government borrowing from the central bank measured as ratio of 13 week moving average standard deviation and mean. Notes: ***, **, and * indicates significance at1 -, 5-, and 10-percent level of significance. p-values are reported in parenthesis. Normality test is based on Shapiro and Wilk (1965) . The null hypothesis assumes that the variable is normally distributed. Ramsey Reset Tests is related to specification error. Ramsey test amounts to fitting higher power of residuals from regression of x on y. Terming the higher power of the residuals with t, the Ramsey Reset testing procedure tests t = 0 in specification y = xb + zt + u. The non-rejection of the null hypothesis t =0 indicates the model specification do not have omitted variable.
